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Abstract of JP 2003272860 (A) 



PROBLEM TO BE SOLVED: To provide an organic 
electroluminescent element with high brightness and 
long life. 
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[0 0 18] ^IffltlEL^l:^^, 
«*JgJ*i-5»*4t LTIt tti&ffitfl • OX10 ! £) 
■ cm^ ML<[±1. OXlo'Q-cmHK* 

5851^5 O%»±«l-C.fc5it/!I50SLV\ Bim* 



x^xhrnm^m^m mmzhm i>mbti^<^ 

S4, iuia©4?i::, Jlft5 2ffilS©t?jt©f««£Xi4?g 

3-sa» e> fc 9, k 2 ««©<»fltra-cSMfcia7cKJfcfc J; s 
7^^*ftyt7v?*^7=ty^f)/i5tiit 

SeAI" 5t©t?fc5o 

[0 0 19] itfFfH©4.5i^ ^wro^itjoitsaasr 

3S**tt, (a) ffe?.7!)-^7?y^i, 

(b) RT9-/i'r5^b-g-!fetiMk:3i7cSJSfcJ:o-C 
«ffi#»«H*Sr?&riib5 3ftfr «««lWl?t>. WUft 

1, a v o i: ©as ftx \m&m -c* s ©a* 

fc*. El 3(1, MIB© (a) (b) $#©fj?Jfft 

■c* « mir%£j| rt « mwfl © t ms.m 

5„ 13414, WE© (a) fiSc^fc (b) 

#1T»*> 5«W fcfcrt 6«ffl»IMWfr»»J* i H 
E WPBtir #3 5 m*RV*-^<v&W i Ir^f^ at? 

fe5o 

[0 0 2 0] S&fc, Sffi36£*£i*J*r5 2«»(©fl; 

Ci^-CtS, Bcffs^icti, 2««©jk-g-'tl/!iS ; S:n ; e'^ 
WTii, «18 0 0-Z000n m©ia^ffl«lC® 

m&MXtts tt80 0~2 0 0 0 n m©fi*^fflJ*l- 
®1R^^^ S^©tf-^^fcO, 2S^©-fk-g-ft^t?© 

s^#iS&pj«^»£i-5#£ (tb<ttE») at 

[0 0 2 1 ] 1511 TV -IVT % yitS-MX-bZ 2 - 
TNATA, o-NPD, 7* t°n -TADSff^ t°P — 

NPBi, V 2 O s (SSHb'^v^A) ©^rtifnfa 
■T?©®^^^^ hyw, S.T>*#T y -/wr 5 s\Y&mb 5 

©El* s W b i>^£ t *3 •} , 7!) -/VT 5 yit^RXI 5 
K{b^v'^Att, mat?(4jSfi8 00~2000nm 

o o o nm ©i5S^wtii4f-^^u mm 

ttMflcir^A bTV>5 r t Sr*Bi-S r fc ^t?# 5„ H 
614, 2-TNATAt4F-TCNQroWW» 
KRtm^it©*«l^' s ^ l^&^U 137(4, a-N 



~2 0 0 0 nmro(tWi:aSJSnT*J»), #3893* fc» 

L/cl^'ft, ^ 2 iws^iti: ot^5 i i A' 

[0 0 2 2] #36IJ!K:*51/vt, r|gjtn.^.y hj til, 
Mm<D£?\z., rfl63fco#»EL*-f«rl(lri«-5*»J 

r^*ro#«EL*^Sr«J«i-aH5Bj ttm 
«\ (Mi) /»*■/ (IWi) > (MS) 

mM/%m/ mm) , (»«) /*-/Mt£Ji/?§ 
jM/m^nasJi/ . (pis) 

(lit® *»WKJ:5*r*EL** 

fcio-cftwbtir, ^» (2IBM) #frf5t><o-e 
j-mmm, m^mAm^^Km^^mm'^^xh, m 

[0 0 2 3] L-Ctt, -jSKUntttt^BB* 

I, Mg, Caf©rWJ±i4«, EufOt±l 

K Ai, I nfiW^MifW fcitS. *fc, * 

-tr>-^Stbfc#»lS:fflv^5«j* 0-2 7 

0 17 1 ^fg, #Bfl 2 0 0 1 - 1 0 2 1 7 5 !§-£r$K# 

if.) itmffite&SttW^&fttf, ^-wtWHlfc 

m^htmWtW- 1 1 -2 3 3 2 6 2 ^SSWB 2 0 
0 0- 1 8 2 7 7 4-)^«fcM*Ufc«**ttfflUC, 

y ±s&R-f ^~y&t/*±fMtiH *><»>>tt< 1 1 1 

K^tte* * K#fr $ n 5 &S -r * > £K£ * T'^S 
fc»EL5SAIl, Al, Zr, Ti, Sift 



[0 0 2 4] Sfc, IIM^: LTIJ, #(c$iJPItt 

a<. ito (4>i><?j*--r-rmitm , i 

zo Wy^^'IMW ^f©5fiK#mW4«r 

[0 0 2 5] Sbfc. 4fcElX*36iJi5#b;WK2 0 

0 1 -1 4 2 6 7 2^J!S5»tlEiKLfc^fe£fflV^ I 

Kt.oxff5m$t±* wimtmm\z'¥twi¥i 0-2 7 0 

1 7 l^^T-fEttStiTV^^S K-f v-^ftfc* 

mm^mi-mAmi^^iimmo 1 to^i zo©± 
n%>£.mt>w]mKmwx&t>frb) aw*3fi**^tfp 

3*t>ffl*SU ±&<0-«Mfc*«EL*^©»£-i: 

[0026] *ll?rotiEL*^it, M-A-TSHHB* 
*i»tt«i©lll]t**ffl©*3ta=s'bSr#U £3§ 
Jfes.^S'h^i. 0 X 1 o'q • c rn.iy.-tu L< [4 

1. 0X1 0 5 C2 • cmW±WtbffittSr*i-*«W*4 

Iiao -ctfcSJ &*vo\fttf, Hg^PitlWi|4rosS, 

[0 0 2 71 *fLV^«3tSr*i-5**WroW»EL 
?!»M*ot«ELsRfii±** <Sft5 

r^SJHB^JM^S^Sd^ (*) /m^ws-th, 
<m /#«tbj -c-fos*T-a^o±pg(4, a«n±, 1 

(=100%) T-foofc^, #»iJ!i::J:S*r»EL** 

ic^v^rHs aii!±opg#ttftv\ fpjiSfte>H2t^$ 
(h + ) jSAttWUfc^BSroffiftT-flf (tl 
<ttHOMO. . . ftiSKifiit) ^£ ) ©ll'T-©§ltS 

ffif » *1 ©BEffiftl t Si- 5 » 5 ^S^^fllroffi 

9 1 # ft A>ttfc «^ tt, HMU t ffii" 5 1 Sr« 
*i-5#»^R©S!t*# (liKBLUMO. . . ft 

%.m^£^xtt.®hntz.&%]tx-~y ytomi-^m {z. 

o^tt&M^^y hi: (S>l1-±) ffla-rsa^ 
(») /#<0Jtt^»§H5) *3SW«?*«I 



&JRSMft»cJ;oTit?iJfcgSWS^T^««1IBi:ll|» 
-?*>!>, L^^»HtB&lsi-wtbffi^^#-r5 <** 

[0028] #n^»«ELsm4, me 

JJWll. 0 X 1 0 2 Q • cm»l, ffSUlll. 0 
X 1 0 6 Q • cm«±©itl£m£#1-^1tttfefC©^ 

mtshsmimTft (vn) (v=vi+v2 + 

+ Vn) T-feSrtli, »5*-Ct4V\ ISoT, 

TtrofSIffiiltt, Bi^-v h*>» (n) 

[0 0 2 9] ^ftKfcftfcfc-f, ^ffltBEL^ 
(4, ^*co*«EL^-f-i:tbRUrVN<oA i coffiffi^$r 
*-f*. 21% tt*S<B*«EL**roll«tt, 

(1I1i 0 1JE-C'(4^<) WflW&fftKEtttffl U t^oTKiS 

oWlgzmmX'ZZ, ion*, WiEroiitUBftflfftn 
[0 0 3 0] *fc s *5§^»#«ELm-f-ro|iiStPIfI 

ftELS^OIfcnftfcft!), (36*3-^5/ K73) 

(J; 0 ^-KtglJ-ttii 2 0 0 0 A (2 0 0 nm) EAT"? fo 

ofc) , mmms.^2 5vikTX'hhz.t^^imt\, 

eg#S#*EL*^ittB&S4#*&*Tt-a. (tft 
Ekoda k«fffF, «HJflBH5 9- 1 9 4 3 9 3 
#HBg 63-264692 -S§-£r#6, #58? 2-1559 

5 *&*u *s#iT-^4, 539, 5 o 7^mmm, m 

fj?4, 7 6 9, 2 9 2-S§«!#, PISS 4, 8 8 5, 2 1 



l #9MR**HB) 

&LftV\ flfcfr, fi£SES!*«EL*^tt, W»«E<0± 
mtWmm®}%> (W/W) roffiT&ffi<fctt-Cfc-ofc 

b&WfilWfc#&£tfa t^ftPlfeliE (turn o 
n Vo 1 t a g e) «t»nffift45, t£ o TfilrSISi? 

*3l* (W/W) il'^LfrV^ fctftfi. 
[0 0 3 1 ] Sfc, ^Jt^-^s' MStt^frf 3#3PJ 

ifcoTL*5sas, fcSSEWWSEL^Wifrg-ttS&ffi 
if), ? hsJSfij&LTVVfci: LX 

[0 0 3 2] ^oft&ic, f!|x.i±\ ¥*fiv h V ?xffim<n 
§J^«e LJd^rolM-fcJt^-C^S < l&tt-et <& r t £ 

SgWiWJEas^Jfcro*^ fctfc^TilSV^ til, Baw&tti- 

^rSftb (5Vfl 0 0 0 cd/mW5:#bM 
^T-ir, 50VC1 00 0 cd/mW*#f)W 

m^kitm^x, mmmc£.^xiv<Dm\mTft*. 

ttzm&(omm&Ti'R&1rBW%Mt%i~fZ>tcrtX+ft 
[0 0 3 3] Sfc, W«||::*ffiaHl:*&-fc*b*5«l4 

*x*aw««*r»©ft«*ic (~i o"q • cm) «, & 
m<o\mm (~i o" 6 q • c m) wb-<-c2Msissv^ 

fc«*«£E (V) (t>U<(i««E (V/cm) ) /SMfi 



tarns m^mmm-t£-kmmom^m^ z t twrn 

[0 0 3 4] 4fc, *«WtS3»tS«ffi*4»<0Jt;fiei 
til. 0Xl0 ! Q-cm£<i, ffSKIil. 0X1 

(~io H a-cm) j; <o t>\tm^m^ l m®.<nh<F>* 

[0 0 3 5] I8lt *38Mro-H*ffia!T?*)S*«E 

StI2, **«yF3-l, Sffi3S£»4-l, 

«7^3-2, ®#3S£S4-2 «ffif 

3S4J14- (n-1) , h 3 - n i:* >3 M£ 

(S) <o$ib, #7*sts camsK) i, T&rnmmu 

i2, M^S'^ (3-n) (fcfiLn = l, 2, 3 

) , i**«ii5ttjB*p<os*-<?fco, Jtaa^i. 

(4-n, fcfc*Ln=l, 2, 3 ) l^oTtt^b 

hfcWBiasyl' (3-n, fctfU=l, 2, 3- 

•••) n«wuc#ft-f6***«wro#«E 

[0 0 3 6] *fc, flEL^Il mffiW^OWfott 
6mffi?&*.m 4 - n liilfftft^ii, US Hfl^ftk: 

t-cv^m^&A st^-A-aA m&) m<o 

•aAtlfgLT©, ^ ^ ^ -pf H £ 1g«-f 5 ft \z a m 

[0 0 3 7]MS, &«ffi3g£Jf 4-na><bli§fiffi# 
l^(i*T-aLAS:-r5^(-ii, #H¥ 1 0- 2 7 0 1 7 1 
-S§-<k$K^#P?l 2001-10 2. 175 #&SHC|HaS£;h, 

#aMk#a i m^«^14 ( K-J— ) K-z^v b i UT« 

A, TA-jfr y ±H&JK&tMfr±£&JBw 5 %*>63KR* 
tifcl«»±©^Ji;^&5CDrtW*L-V\ _bie 



i©*r/Ht45;aso. l h^y He J: ^MtE 

Stufc^H- (WT> o«t#«iitf, K-f 

v# r »*#/J>S<» 1 oflriiSh l«t>OK-^v 

[0 0 3 8] 3§)fe^--.y Mi, 

ffllKigSi-SSi Lt\ T/Kfry&JS, TA-# y ±!H&Jg 

i§5 nmEtT, £?£L<«:0. 2~5nm0|i>645 

Si-Si &-C, §g**:F££fc^S-fct>fcib*i-c^3 

[0 0 3 9] #«ffi»£J14-n!4»&HMt 

n^iBjtea^aA-rsBKtw, i#§fi¥ 11-23326 

2#4**K»1Ml2 0 0 0- 1 8 2 7 7-4-WMI C*ffS* 
SftfFSS 6 3 9 6 2 0 9 -SPj^ffl*) : J . E 

ndo, T. Matsumoto, and J. Kid 
o, Jpn. J. Appl. Phys. Vol. 41 
(200 2) pp. L800-L803) IZ (#3§BJ1# 

A^ttT/w*y^JS-f r/u*y±s^®^^>-, 
ro^Jg>f ^-v^jg7ci-5^Ci bfiSSft^^L-c, l. o 

x i o z q ■ cm&±<Ditmmm-t%mmmb-&mz 

tiz>„ (;ct*I5 'mm<r>' tliflfWCftl Onm 

«T»Sl)?fe«t, RSiit7C^A»|g^^ 1 0 nm£ 
) 

[0040] 4fc#iJxii±lB» r^ros^^^^j 
«ffl£ftT^57-./w;fry£JiIK;*->, 7;v*y±IM 

K (#!S¥ 1 1 -2 3 3 2 6 2 ^f6^#W¥ 2 0 0 0 



- 1 8 2 7 7 fcfi»S*l-CV^**IMtlMI# 

[0 04 1] _h!E©#|fl¥ 1 0 - 2 7 0 1 7 1 

^r&m^'Wm 2 0 0 1 - 1 0 2 1 7 5*&«, «fW¥l 
1 -2 3 3 2 6 2 ^fft^BH 2 000-18 2 7 74 
(^^H^fFlS 6 3 9 6 2 0 9 ^WiW) 

*)B»0 4-n*M¥ 1 0- 2 7 0 1 7 1 #^a^«FBB 2 
001-102175 K— ey^'M^WiM.mm-X'- 

1 - 2 3 3 2 6 2 ^IN? 2000-182774 

te.x\m-t%z.tx\ '^<DtmELm : f-(omm\zm-r 

2002-27365 6#^*B^ld|¥*fB{'!BLTfo5 0 
«ff«£l (©»«« r^© 

*tO»4U<J5eV^Sf^fflS:IIlffitli3l5, UTS 

5 ,£T-&S&m^&A«ro7#j*}£T-fc5 r t zWJ? l. 
fcc 

[0 04 2] 4fcWA.Hr, #«?M&£Ji-4 - nfpbmm 
1-2 5 1 0 6 7 -f-^fft^Psf! 2001-244079 
IbL 5 M4ft£^1-<5tt^Mfefb^ (/M- *»{b£ 

») as K— 7°^Hfc*-/i-aAi^s^is^ii©Pi»!i 

fc«S«i-«Ji i LTtTM LT*3 < t , H^ff&SJf 4 - n 

4§£\ flgJ¥tt3 0nm^Tii-5©zW4L<, 0. 5 
~3 0 nmcD|5Hi:i-5©/jS^*Ui/\ 11*7)5 3 0 n m 

[0 0 4 3] **5fcW4fls£* *IMfc£*> t b 

#fc«iR«:*v^, mm2m, jut* 

2ft, 3>>fb*2ft, *flsryi'5-^A, *{tr/us: = 



in, a <Mb-f yWJ*. 5 fflkr 57-ylkWc 

*, 3 7yfbW*^OliWb'&t!-^DDQ (v>v-7V- 

^^nnJfyy) , tnf ( h y = h n 7sv*us 
v) , tcnq (rF^^ry^f/^^^y) , 4F- 

TCNQ (f F57^p-t ^f/ * 

<7>*Mfc*H:, lilUfttMLTO. 0 1-1 

owtBHT'fcSw^ftUv^ h©j**a*o. 
0 l*Itfc5i hCJ: «ft^iifc^ (81 

[0 0 4 4] £fc, «ffi»4JBSr^i-S«S»Wtt*BB 

4 . 5 e Va±T*feilll SlJSWxS^ttib^fe 
CM 1 *!*^*) &ftfflLfc<-rt> s #38ft=-=yh 

fc#LT*-/uftAi>riB4»#a»*>8. sfcat, mis 
2 fc* Lfc i o fc, Mis/W T^m^mt^n 

**mft*m<Dmfmmt Lxmm-rzm&hhz, 

[0 0 4 5] aWSM^v^5*3fe*-y hfc*JV^-Cs It 

Ji^*-/uaE7JlSrttffli-6iifC**. *>t>5A/, 
«*ro#«E L*?-tettffl snr * fclT-ffiAl^*- 
/V)SAJiSr ; e<7544»iI(C'Kffl-r5 r z55-e% 
[0 0 4 6] *%W<D#WE Lm+tol&mZKtt* tt£ 

5o sfc, &m-<Dyv±x&imhm , QMi-k^5ft 
m^hi>(ox\ 9tt<^zhx\**ij&&Mmmi. 

¥rM 2001-15336 7^^IS*iC*3V^-CjS^Lfc 

-f ^ 7 ■< y^,mmmms -t z> z. t m j; 9 ^bih# 

[0 0 4 7] *fc, *^^ro*«BL^^«^-r5* 

yf'J *sVW£k\ tmfrb<mhtix^z,& ! m<n3im> 
mm^mxh^. wt, s^^jf^figt-sg^t l 

fe5©r-a«^si-5o *fcs x^y^yv^SfSrttffl 



J$1K£ *t5 lit, *V -i?<£«©fc*fcfiR-e&5. 

i i fc , «£MS£¥H!fc: ©Jiagii© 
nfo$-fv Y^;<y?mm. (tH2 0 0 1-1 4 2 

[0 0 4 8] *fc, ««±K:riW**L5^-C©l«r, 

tB3S*l«(li:itSEi-5*l*l©***yrfc*^-i-6*# 
*tfefcJ:o-cdWi-6ri#Tr*6 (W2001-1 

5 3 3 6 7 -§-P^*B*#R§) . 

[0 0 4 9] *HB^«*«IE L^T-tt, ft5fc©# 

■**»b«KWmi*-c»**W*i* J ^ - ci/4ft*o* 

*8M» UX (2n-l) /4, fcfcU n=l, 2, 

3 ) -efcS^t*tKa^©»3t«i**^5r kit 

[0 0 5 0] L*>U #»9!#e>tt, SuWro#W2 0 0 
1- 1 0 2 1 7 5#^#C*5^T, 3tRjJ+BMitgi-5 

fco JMTOiett, KH^iSAlro3t^BSJ¥* s l/4iSS 
cO«§*lfe{£ (XX (2n-l) /4, fcfcU n=l, 
2, 3 ) [e|g£$tlTV^ni£^;*;£<43i:, IS 

<fc9, jB»ctt*¥Wfc&U/ 4 (XX 
(2n) /4, fc£U n = l, 2, 3 ) fcKSS 



[0 0 5 1 ] ifcafc, r©J:5 4^t>U^4!]Jlff 

T) »»ffi«ffi*l6itffi9Ei-a'>«:< fct-«Sr*KiR 
ft £*i|fflT-§ 4^31^43;!^ />&< i:t>HfI^wffi» 

\c s KKMmmmmmmxhzm&i-immmmzti 

[0 0 5 2] Sfc, TBSaS«K*bfcJ:5fc, #589! 

[0 0 5 3] 

v\ 4*5, wants-*, &m&tm#3S£J§©jS;Wi- 

t V ^ 5 , zKSlBSIi^Srffiffl UfcfifeM* - ^ - C R TM- 
8000 (ULVAC (0*Ma«) Si) Srftfflb 

(T e n c o r ) liSPl 0tt«-*a^tfS:fflV^fc o « 
^■©qSfflSMEfctt, (KEITHLEY) tt 

y-^^-^ 2 4 0 0, hT'ayBM-SffgShSrffiffl 
Ufc 0 l^fW I TO&li, A l ^PiUt Its jttif« 
J££0. 2 V/2#rofiJ-g-e^7 i s/7'#cl-PPA0UT, H 

h/l/f±, ift*^^XPMA-l 1*7°^*^ 
[0 0 5 4] SWJ 1 (#*©*«E L*^ <DffS0iJ- 

siiirti, mwmmmmztisX, v-na;2ofl 
/□©no mv-^A' -r-rmtvo. mm+ftM* 



io© (a) #ff.) . tojit, ^WfefiMffl^s-^* 

^40 [010© (b) ] £^LT*-/>«i£tt&#1- 
5a-NPD%l 0 _6 t o r r Tt 2 A/#©li3g 

: 

lit 7] 




y Cft>S<« : C 5 4 5 T 

(KODAKtti) ] r©^3fefe3Sasifift%ro» 
S 1 4« ± 5 fcfc* ©^#Sfi£ilg LT 4 0 0 A©J¥ 

lits] 




f*^M^y?/B^yi^Itv'5'A (Cs) 
MfcTl : 1 i*5J;5fc#*ro3!S#iiaSr»IS^T2 
OOAwffS't^lRUfco fcfc, «Sffittffi5i:LTISffi 
$Siffl£f|-7^ 4 1 [010© (c) #&] &7>LT 
A 1 %WM&& 1 0 A/&X 1 0 0 0 A©ff £ tcii* L 
fco rOIgiaotf^Wt ISO. 2 cm, $ 
0. 2cmOiE*igttift5 [010© (d) #PJ . 
tfibtifcS^wlS^^^^ h/HSrlSl 6C/Tt. r©^ 

«EL^T-icfc-v>-r, mmmmvhz i to tiaras 

"CfeSAl <t©iBfc:, iffsftSEE&TODU-r, ^3tJl (A 
1 q : C 5 4 5 T ©£##!) frb ©£S£3§3t;©!f 

02 1, 0 2 2&U<0 2 3+©07°as' h 
(4, Ztl^tl, r©*^- (SWD ©)»g (cd/m 
') —BEE (V) Sffi&g (mA/cm') 

(V) (c d/A) -H««a (mA/ 

cm') lr*t^77t$>5. *fc, r©ST-©3S7tH 

[0 0 5 5] 2901 2 (^5|5©#«E L 
*6«Jt3R^O«lJ) 01 lfc*Lfc8(Jf 
5R©W^E L** ?rIWI 1 i P]#(CT!B© J; 5 

T, v— M6fet2 0Q/D©ITO (-C Vv^A • -fT 

= -h^H-CV>5 [010© (a) #10 0 ^©±ir# 



m»fiS;^ffl^Ji^^^4o [01 o© (b) ) sttTl-c 

*-/V-«)ia4Sr^ri-5^fn-NPBSrl o"% o r r 

TX\ 2 A/S>o^#as-e8 o oAnm&fc&L&h 

S©±t, IS*! lot LTTES; : 
[ft 9] 




-?S£3x5Xt°n-DPVB i 

x-4 o oA©J¥$tfife^Lfc 0 Sir, iftisiBte/i 1 o © 
±trgj$i{?ij l K- tV^m-T-ffiAS 1 1 

iU, ^y^T'D-Y^t^M-fev'^A (Cs) Sr^/v 
ifCl : 1 i:&5J: 5i-#^©^*aitS:fifiUr 2 0 
OAo/fSloSffiSLfc. lift»fI5 b LXfem®, 

MM^Hl [010© (c) #J|R] Sr^UA 
1 ^MiSSfl 0A/8>tl 0 0 0A©Jl££^*Lfc 0 
d©XS^J:or*3l£i«J«tt«0. 2cm, mo. 2c 
mOJEZWIkbteZ [010© (d) #H8] „ 

(SWJ2) ro«^n/^li7Wj||l^ 
Lfco ^©WftELST-c^-c, ISifitfes I t 
otptffi'fisSt'foSA i b<omz, X.WSB&ftitiai, 

t, M 1 0 (XfP-DPVBi) S>b©#£3S3t 
©ai^'SSrSJ^L/Co 0 2 4, 02 5RUWi 2 6 ep©0 
/nyHJ, Ztl^tl, ^©SB 1 (SWJ2) ©ffS 

(c d/nO (V) «fflft& (mA/c 

m Z ) -BE (V) #'14, ftffig)* ( c d/A) -«»t 
(mA/cm') ^f^7 7?fc5. iroSFP© 
3S3tW*6«£E«:2. 6Vefcofc. 

[0 0 5 6] £5£0!| 3 (t£*©*$£E Lsft?-©f^WJ- 

*<o*»E LKf^SriSJPW l b IsHft'Tta© J; 5 1- LT 
ft* #7 *£« 1 -tt-ii, NMS3 ZtU 
t\ •7-FM2 0Q/D©ITO Wy-^A'tf 

ftfls*, »^I±M^^s'?^*p 0 b) ^@f^/^-yt 

= -h£;h-T^3 [010© (a) #B1] o ^©iJ-^ 
««flIffl^Ji^^^4 0 [010© (b) ) Sr^LT 
*-y^ia±Sr^-f-5a-NPDSrl 0-6 t o r rT 

-C, 2A/^©SfIfti?7 o o A©J?£tcj£flgl-t\ 
*-/i-«l^Jil 2Sr^bfco !5tlc, mllE*-/i-«il^l 
©±l-, 1 3 LT A Iqt, ^fe^JtSJtfe^ 

-C'fo5DCJTB (KODAKttI) r©H7tfe* 
*s 1 a*%©'itg 4 5 J: 5 ©^»i£S^filS L 
T4 0 0 A©J¥£KlJ&lif Lfco i^tc, fif(|BI§7tl 1 3 _h 

i:it« i tmm^ &m K-t°>/s^-a;Ai 1 4 1 
Lt, ^y^7-^yi4it->'>A (cs) t^ifc 
XI : it4SJ:5fc#*ro3»i«3*«Sriau-C2 0 0 



MIv^Ml (c) #B8] ^UTAl 

*SK*SS l o A/#-c loooA©I^Ifbfc s r 

OlSKJ:-9t»3tWit«0. 2cm, #0. 2cm 

©3E#aM*&fcs agio© (d) mm) o »e>*ifc* 
t»ffi«i-cfc«A i t<D?m~, mmm&zmuLx, 

Witm (Alq :DCJTBffl*Itl) A>bC*fe3§ 
JtroiS#tt^IlJ^Lfc 0 0 2 4, H2 5 £.0*0 2 6<P<D 

+/p?htt, -tJUWx, r©** (£9013) ©»g 

(c d/m 2 ) -«E (V) #tt, (mA/c 
m 2 ) -ftffi (V) mJSSa* (c d/A) -«jHE 

mm (mA/cm 2 ) &m-y? :oji»«3 

»*W*MtJEEH:2. 2Vtfcot 
[0 0 5 7] ^M'll (m^|g*l^V 2 0 5 (51t{fc^ 

01 31'^i-«Jlt«^S:W-t-5*^M»^EL^^ 
KaBrt-S. S90!l 1 t P £NI#T\ [0 1 0 © ( a ) ] 
{^LfcRff^^-Vtr2 - h£tv0^3 I TO±Ht 
l«lffi*R7^4 0 [010© (b) ] fcfl-L 
X, 3S3t«s'b3-lSr*«L.fc, i-fcfrfc, o-N 
PD&6 0 0 A, Alq :C545T=100 : 1 ©S 

&4 0 0A, Ayt-fuj >b&m^'><}J> (Cs) © 
o o AroffStNUJcfifeffliUfc, ftlc Wta^ 
IK-fy^Iro±ttfi4l4- i t lt, v 2 o 6 
(SBMb'^ffA) tr, AMSftA 2 A/#T 1 0 0 A 

«M0 [0 1 0 (b) ] Sr^UT^BSUfc. ft 

^®Mo&.Wkm&m-**? 40 (0io © (b) ] © 

-2£j5jtiHLfc 0 -f-fcfrfc, a-NPD^6 0 0A, A 
lq:C545 T= 100:1 (fiitb) ©It: 4 0 0 
A, ^y^T-o-fyi&JR-fe^^A (Cs) ©tS^-lSr 

2 0 0A©J¥£fc, KH»y*«Lfc. ftftfc, MOTHS 
i:U-CPiS^liffl^M^^^4 l (010© (c) ] «r 
^■LT, A 1 £?&*3ggl 0 A/fpX'l 0 0 0 A©J¥$ 
WK#U (010© (d) ] tC^Lfc/^-V^t- 

0. 2cm, mo. 2cmOiEMftt*ofc s d©# 

«el*^ic*jv>-c. 1 Totmmmm 

ffcSA l trophic, IffstmiE&F-PAnL-t, iSftJI (A 
1 q : C 5 4 5 T©*^«if) 7^©S:£l£3t©ft #14 
SrlteLfco 02 1, 0 2 2&T>*0 2 3f£OnyB -> h 
fiWJi, " ©#■?• (S£iS®l 1 ) ©iWt ( c d / 
m 2 ) -«EE (V) Wit, ««E*S (mA/cm') -ft 
EE (V) #14, tttt%* (c d/A) -ftttttA (mA 

/cm 2 ) ^t^7 7ffc5„ cro*^©»3feH*Mt 
£Ett4". 4Vr*9, S*Il»»Oti 5.4T2«© 



o-Ctt«If 3 ti-C2ffl#i£1-Sn©^«EL*^-tt, K*P 

JtT-S**) a 5 , 2f&jfi<{^t<i^i±ufc. rrost-r 

GHtfll) ti, Bmfc'<i-'S9* (V 2 O s ) 
»att^T?*>5r !) 5 B-NPDi 

v>s (v^ + h-npd') tnz-ibn, 5Mit'<i- 
wm, (v 2 o 5 ) mb a -Npnm<n^.m^mnm±m 

01 6«lf*t, 3&#*-"«* M'SrttfrtSi:, 8 
WiKD*'*? h^bm£-&L.tci\ h/wo^ 

immmmmi bkmLxm=Fm<te^tc a 2 
o©^^= y h©^, mmz&m utss^^* v 3 

-ld^roB^^piti-esit^^, ^©ItST-rosttt 
t , e£3&K;fr ft McM £ tifc^jfe t ©ftfi as is ff-a 

[0058] mmm 2 (*ffi»£jias#«*j©*a>fe« 

z.<Dmmmx^ mi 

(010© (a) ] I^LfcgfS^^-yica-bS^ 
TV^S I T O Jli'^fr^^fiJcMffl^M"^^- ^ 4 0 (010 
© (b) ) <B1-LT, »*a=y H3-lSr*«L.fc. 
•f&fc>*>> B-NPD47 0 0A, (Alq:C545 

t=ioo: 1) ©jf£4 0 0 A, ^y?yv{yb&: 
Wevt/J* (Cs) ©^£Jf £2.0 oA©J¥£(dlS&f£ 

4-1 t IT, TIBS : 
HtlO] 




X«£ft5 4F-TCNQ&J5£ll&££l A/#"C2 OA 
©flCStfifcBSUfc. ftV^-C, 2-TNATA (^VK- 
<b^S) Sr^SS 1 A/#X 5 0 A ©J? S icggSl t 

fc„ ^<nmffi%*M^m^foWkm&m-?*? 4 0 (0 

10© (b) ) Sr^UTfiKHL7t 0 ft(C, ^-»sfe)J^ffl 
^Jg-r^y 4 0 (010© (b) ] ©4£, llu5i&©XS 

a-NPDS:7 0 0A, (A 1 q : C 5 4 5 
T=100: 1) ©HSr400A, ^^y^/n-f^i:^ 
Jg-fev-^A (Cs) ©fS-a-Jf &2 0 0A©J¥£(C, IPJjfc 

1 (01 0© (c) ) S/T-L-C, Al 

1 oa/s>t?i 0 0 oAoffscaaifu (010© 

(d) ) fc*Lfc/<^-i'4r*i-a*«ELSll^4r# 
fc. »ie^J;ot:?S3feffi*r±«i!Eo. 2 cm, mo. 2 



cmOjEJWWftfcLfc. ro^ELfTFfc&^-t, Eft 
ffittffi-C&S I TOtltffi*ffit?fcSA 1 tOlHC, at 

mmmzmn lt, ?g?ti (a i q : c 5 4 5 T©*ii 

*fi) 7^©ltfe^cDlf#tt£»J£Lfc 0 H21.B 

(jasm) ©»s (c d/m) -mm (v) wit, 

S%«« (mA/cm 2 ) -«E (V) Cft£i¥ 
(cd/A) -flflfcfcS (mA/cm 2 ) &Sf^7 7 

t?*>a. :oi^ (ISf#'J2) !±, SirJfiro/W^iWfc-fr 

Sffc5 4F-TCNQi *-;wtaffit47 D —iV7 % s 
#*XhZ> 2-TNATAOW*«^flinf«i»IMI 
f**^UTV^t#xbtbS<7?T (4 F-TCNQ 
+ 2 -TNATa') , 4F — TCNQHt 2— TNA 

TAlrof l*stf f tli LtMLti^. *fc, 
r©^-C(i»g=3 0 c d/m 2 (m»fc$g=o. 1 

2 mA/cm') gS^f>t*CtI^$WotL 
WSfcftSE^O. lmA/cm^ItoTFcofS 
H-Cfcfttf, ft^i^^T* 2 5 . 6 c d/AiV^5, 

[0 0 5 9] 3!Si0lj3 (2*<0»*a=y h©3§)t*^ 
* h/i/;*s:EV^gft5£^rof£gf0!|) 

l±C:fi, RHf38$fflg2 i LXs f-YmK2 0Q/ 

□o i to (-f ■ -t-rmtm* mm^tm^^ 

t*ffife'<ir->'K=>-bZtiX\i*& [01 

ow (a) „ Jt©±*»f., svot 2 1 m a\mx 
%fm!$mm£m^x? 4 o (iioa (m ] 

■C*-A«ay4Sr*i-ail(riE©^trn-NPB (COV 
I ONttS) iio'torr TT\ 2 A/&o>M#m 
&X8 0 0 AroJ¥$(cjSSIUT, Slfta-J/ h3-l© 

fc> v V 3 - 1 ©Wfefg^Jf t LTbuIB»^ f 

n-DPVBi (COV I ONftS) Sr, 2 A/SW&S 

»a«t»4ooAo*SfcdUiu ^y^/o 

-Oi&J/Sir^A (Cs) w?I-g-1^2 o o Arol¥$ 
£SS0!l 1 i: P!C< , «?ff«£B4- 
lfcUT, V 2 O s (511^^-)^) &, f£ffS£^2 
A/&-C1 OOAroffStfiEBtLfc. i©«ffiflB^*t) 
*»«jfifcl»ffl^JR^^^4 0 [H 10 co (b) ] Sr^L 
TfSRUfc. f^^j'h3-2©*^iSi 
iLt, SWJ3 t|B]C< a-NPD&r 7 0 0 AcDl¥$ 
fc/dWU Sfcfc, *fe?SJtSi: UA 1 qfc, 
Tt^Ttfe^T'fcSDC J TB (KODAKlii) £ 

i 1 4 a j: 5 

«fcWSLT4 0 0A<Bff£KfifcttLfc. Sfefc, 
^llC^y^TWyi^S-fev^A (Cs) coyg 
-a-11^2 0 0 AcoH^I^JlLfc. i^tc, Piffi'WiS 



tLxmmi&mm&m^x? 4 1 (no© ( c ) # 

SB] LT, A 1 1 0 A/#f 1 0 0 0 A 

cm, #|0. 2cm©3E*»tKittS [Hi 00(d) 

h^sriai 7 icnn-e^-f „ ^©^sel*^*^ 
t, i Tot8Mf«srcifc5A i ir»r B i 

fes *feiBfe»ft (tr>-^fe»3t) aMfbiKfc. 
fcShf- (0 3 9 (b) ) tf3l83tttllB*^+^KSrH3 9 
(a) ir^i". SS^roli^tt^I'J^L-fco 112 4, 12 

«|3) C0»S (c d/m') -HE (V) «8fE 
«f* (mA/cm') -MB (V) #14, «StE36^ (c 
d/A) -«SH&£ (mA/cm') fr»f^9 
3 0 r©^^©|S7fe5fl^ftflEi±4. 8Vffcofc, o£ 

•9, mmvKDm* (2. 6v) ts^3»i^ 

(2. 2V) ©383tlB*&«£E<OfPiftoTV'>5. Sfc, 
rco*^ (*ij^j3) rol^tMMUBiC, 5g> 
fk/^v?i?A (v,o s ) fc*-/H*att^T-T»fc5ry 

->VT % Vty&m, a-NPVk<Dftl-mxmkM7zK 
&tZi.Z>nM&WimWik!&LX^Z (V 2 O s "+a- 
N P D) kZjLbtls 5Wt<t'<1-Wl» (v 2 o 5 ) m 

t a -NPDi©fs« ! tiMit Lxmrntx^ 

5= 

[0 0 6 0] ^Jfi0ij4 (3j@co%^3-ny hfc#U *» 

^nmmwxtt, mi 8t^-fi9w«jts:*i-***w 
mcr>s«i^s^j 1 1 id amx\ (no© 

(a) ) KlStfcSfjex^-^fca-hSilXV^IT 
O±t#««J^IRffl&JR^^^4 0 (01O<75 (b) ) 
^^LT, h3-lfrJ*»Lfc. i-ftbfe. 

a-NPD^700A, Al q : C545T=100 : 

i©i^6ooA, s<y?-7°u4yk&fH±~y}J± (c 

s) WjS^lSrl 0 oAwiSCIR, 3tfc«3*«tfife 
4-liU, V 2 0 5 (5«Mk^^fA) Sr, 

« 2 a/#-c 3 0 0 A<om $ fcfifcK c ©m?W5§* 

IfctffcttfifcRffl&JR-^^O (110© (b) ] 

[1110(75 (b) ) ro^S, tfiai©XS«:t 
MLXmyt*.- y V 3 - 2 , y h 3 - 3 SrKHft 

fifefl^ L fc„ fcfc* U , ^ r X fe&mjt=>- =■ y Y <D%%\Wl 

E06«]ta-NPDA^«^^ix5*"/w«i^l 
©li)?Sr3 0 0A, 5 0 OA, 7 0 0A©3««tfc>tt 



3tfe©Xfi|C^;jVe;fta-NPD&3 0 0 A, 5 00 
A, 700 A, Alq:C545T=100:l (fi* 
it) ©J1£6 0 0A N /•<y^'7°n^ yt^rM-fev-^A 

(Cs) nm-km* i o o A©J¥£!d«ftj&l!gL.T, IS 

Lt, V 2 O s (5BWt^i>!?A) Sr, fi6ISjga2A/ 
#T 3 0 0 A ©J¥ S (Cfijyi Lfc 0 -t LT t, 5 -flEWE?" 
nir^«r#V35gtyc 0 a-NPD&3 0 0 

A, 500 A, 700 A, Alq:C545T=10 
0 : 1 (fifiJt) ©I^6 0 0A, 
JHrv">A (Cs) ©?H£JI£l 0 oAofStlHftl* 

Sffi5tu-rit4i^flIffl&M^^^4 i [0io© 

(c) ) ^LT^ A 1 1 0 A/#T 1 0 0 

OAWf^CllL, [HI 0(0 (d) ] (c^Lfc/^ 

fc„ C©«EL*HF-fc&^T, HffimtST'fcS I TO 

ti«i*iTfo?>A 1 towir, itijitiiE&PniDL-r, 

3B3fe« (A 1 q : C 5 4 5 T©*IS*rJf ) a»&©»fe38 

%<r>mm*&.m\i£. tfco 0 2 7 , 128 mm 29*© 

O, CK +y0yM«na, SfJ!£0 3S§i©flPpL£ 

(cd/m') -«EE (V) «pft, « 
ttEftft (mA/cm*) -ttJEE (V) 

(cd/A) -fl*** (mA/cm 2 ) 1:^77 
Tfc3„ 0 2 91=.ij*£;fi3S9, S*5 3S«oBlJf4r 
*-r2>^nm»S?-©S^a^ (cd/A) te*t< 

3S3t*-y h 3-2, 3 - 3 ro*-/HSSSJBM! 
J¥^7 0 0 A©fc©(if:ii;4 8 c d/A£Mx.S^J>fc$) 
$!)Sff ) J 1 ,fc-* 1 3&#»=s/ b3-2, 3-3©*- 
/l4§n£JlillI/5 5 3 0 0 A, 5 0 0A»t©lil8cd/ 
A, 2 8 c d/AfggWjfiL^bH&^ofc,, |§}frx 
~j/b3-2, 3 - 3 ©*-/W|«£Jf 7 0 0A» 

JWft»*asiy bSfcOftiecd/A (4 8 
cd/A+3) tffiSUT*S5, (3fll©) 3S3t 

{tfta>e>*sw«ffi-es>5Aii»ffi*-c«)3fc^Bs»; (H 

3BtefcK©l/4j£ft, 3/4JSB:, 5/4iKJfcl=.fco 

4) ©Sffi!©^©!!**^ F/^i 1 9C*t. 

&©*«}» (4 8 c d/A) £#-f3^tf>3S3fc*'< 

fM'Jl©*;^- (B^=S' M s 2fi) ©lEftx^? h/w 
iwitliofcft, 01 6tCt>*£tlT^?> 
[ o o 6 1 1 mm 5 (2m<n&%=L=-vY<o%?b*'< 

«) 



l»V 2 O s (5Wtik'<-rV$£.) ^LtliLfcii, 

Wfc»*a=iy b 3-2©a-NPD^bfe££tl5* 
-^lil^lirojll?^ 3 0 0 A, 500 A, 700 A© 3 
WBfcfcrfC* 3 fflil©K« fcjfcK LT, Hft SIRJSSr 

mum 3 tpi—eab*. 

03 0, 0 3 1XU«0 3 2$©Ck + , O/oy btt^ 
M^, r© 3ffiS©BgJP£#-f 3 (c d/ 
m 2 ) -mi± (V) #t4, (mA/cm') -« 
BE (V) ®Sit#* (c d/A) (mA 

/cm 2 ) ^t?77t*5„ *fc, #*&60j mm 

M5) © 3ffiH©ShT-©f§ft:x-<^ bA-£0 2 

f„ 03 2t^$tl5ffiD, ^^sssisrofliJ?**^ 

5*fteft©^©®>l#l^ (cd/A) J±*#<£ft 
9 , HJt^-r: y Y 3 - 2 »*-^Ml^JiKI¥^ 7 0 0 A 

©trott, fti«8 c d/A*ttA.5*St»**s»6>nfc 
3§ft^- -y h 3 - 2 ©*-/Kft2ISfll»*S 3 0 0 
A, 5 0 0A©k©ii6. 5 cd/A, 4cd/Amit 

ttSSJMW^ 7 0 0 Aro#^ (4, t^MSTfcS^ 
fo-DPVB i ©»3fcffitt*»e>3t5WWi-C*>5A l 
ISiai4t?«03t^flKJf (HKSlJ^tHtif^tr^Cfc'bro) 
AS 1 / 4 3 « 4: 4 o TV > 5 (*Jg<fc * ttfc) W 

T&5„ 

[0 0 6 2] ^M?'J6 (Sl1?l§4lic75^»lJ(C^1-5l 
^W^il 2 0 7bm 2 2 r^ro4§KJ££fi)cJf j T 

*>*», *>o, SS*54tE«S^5a;^«^aS:fl»fifci- 
5 (a) i: (b) ^?l'a•^^^TV^5* : f) 

04 Uc^i-a««5tSr*i-'S**W©#«EL* : ?-«r 
Mit-fSo t PI C^IST\ [010© (a) ) 
fci^Lfcgffe^-^fca-hSilT^S I TOlHf 
^%J5)clIffl^S^^^4 0 [010© (b) ) tr^L 
t, h3-l4rri«L-fc. 1-*fc>fc, «-N 
PDlr600A s Alq :C545T=100 : 1 <DM 

[ft 1 1 ] 

T^$tu5 (8-^r/yy9h) Vl-V^fc (UAT, 
L i q iBSia-rS-i^fcS) Sr, l 0 A©J¥^(c:)5gIi 
LT, ^^(cfiilTC^JSi UA 1 fc3K3»att 1 A/» 
fl 5A©f$tIfU r^©»K^4j*Hj SrffM 
Lfc j}t{r, iflia r^roSRJS^Ifj co±ics^l§* 



14-1 tUT, V 2 O s (5^b^v?i?A) ta-N 
PDOMt&M (*/Hfc^ ; V,O f : a-NPD = 4 : 
1> Sr. 2 A/#T* 2 0 0 A (OW £ (c;&Jg b 

io© (b) 3 tn-x^xam we, *wfedW9 

^JS"?*^ 4 0 (01 OW (b) 3 i!fM©IfI 
Srt>5-fle»DiSL-C»*3-=y h 3 — 2 Srj&Bg U'fc 0 
-fftfo^, a-NPD£:600A, Al q :C545T 
= 10 0:1 (Silt) ©SSr 7 0 0 A, LiqlrlO 

mmi&mRi&m^*? 4 1 no© ( c ) ] s-^l 

t, a l ^ItiiSi o A/fpx-i o o o A©IJl;I 

#u cmiow (d) i (i^Lfc^^-^^fi-rs* 

«ELSS?-«rftfc„ »XlHfcJ:o-C**«Wttieo. 2 
cm, mo. 2cmOiE*Mtftofc„ ^©flEL 
sTBC&^-C, ^fimil-^fcS I TOiHilitfc5 
Al t©IBt, aCif®E£rTODLT, 3§3fcS (A 1 q : 
C 5 4 5T©*IfI) ^P,«»fe»3t©» #'l4£ff!te 
Ufc 0 114 2, 04 3, B4 4Wl4 5f©l/Pj' 
hltZtiZ'h, rro^T- (*1S0!|6) OW (cd/m 
2 ) -«BE (V) #'14, tt«E&& (mA/cnO -fflffi 
(V) #14, (c d/A) (mA/ 

cm') #tt, (lm/W) -** (c 

d/m") tl4«r*t^7 7Tfe5, SfclttSW/tfc, 
«6*a!*3ft*r#-f SJtlftSlHf- (ITO/«-NPD, 6 

0 0 A/A 1 q : C 5 4 5 T= 1 0 0 : 1, 7 0 0 A/ 
Liq, 1 0A/A1) Srffo*Ug4 2 7!>£H4 

lie: J; o Ttt^ & tb-C 2 3 r CO W« E L 

(4, iBBWJttaS^tlt^-CftiSlWfflcai* (U^Tfift 
fl s , 2igifi<(r^^<^±Ufc 0 (£ 

(v z o 6 ) t y -/ur $ >-ffc 

«§fW£j£LTv^ (v^ + c-npd) tn 

TLhix, 5mt'<-±>sVJ* (V 2 O e ) ia-NPD<Offl 

oco (i) ) isr/v*y^M (±ia^»]-e«L i) -c 
y^p-f y^A i q m^mi-mmmt&yo t tmm& 

»i©I^lt*oT.t±< (±|E#SS 2 0 0 0 - 

1 8 2 7 7 , i£W«^«g#:Sr^A,T'^ 

r^* y &m\t&mm*\m uvt t # k. e>« 

»J£^T*3?) (#$»*: J. En do, T. Mat 
sumoto, and J. Kido, Jpn. J. A 
ppl. Phys. Vol. 41 (200 2) pp. L 
8 0 0 - L 8 0 3 ) , ftjfeStffllE L*^ 
Sft^aAJlicfiiJl^-O^©-?-, ±!E»M>liP« 



[0 0 6 3] ##$J «ffii§£l^coJfcffl5i (Q • c 
m) <0*S) 

ifcjgfct (£2 ■ cm) ©8teS£(4, WJ^roJtSttroffi 

(13 3 s.t5n 3 4 > y ^« mmituim 
mmm*) xm^m\ mnms. (v) t«»js«* 

(cm) (o*9«ffi|Wiat) ^feftibHS* 
ME (V/cm) ttiHttft (A) ifcJttfifch-Sffl 
«CO©TBffi (cm') t^?j#ibtt51;«ffi^ (A/c 
m 2 ) fcCQJt ( (V/cm) / (A/ cm') = (Q • c 
m) ) A^IiULfc ^©IiJ^'&icfflV^f-^ M 

13 311 tttetrLfFttffl^T-co^SIll, 13 

mimio (b) KftZtiZi'-'r K— 4 O^rffiffl 
U-C2mmiliicD I TOttl 6±(C (ij-^li J: 9 2 mm 

tiro a i m.m±^) twmwm%*mm*s*r k-^^ 
^ ^^Ltaa i s *nm.o>w»K.tiL** 5 (cm* 

U tiCPi:< 2mmiffl7/K = 7Alll 7 Sri 
TOlil 6 J: 5 ItlSttfPffiffl 

SS^SrfRHUt. IS2ooiij^ffi(i, hb^^ItbStniro/J^^ 

3 6 K^LtzX b C> SSI 9±C5[Rl-¥tE±C : ?fell 
«2 0, WB2 li4S«i*rBfSE« (L c m) Pi 
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